Abstract. High-frequency asymptotics have been used at our Centre to develop codes for modelling pulse propagation and scattering in the near-field of the ultrasonic transducers used in NDE (Non-Destructive Evaluation), particularly of walls of nuclear reactors. The codes are hundreds of times faster than the direct numerical codes but no less accurate.
Introduction
Our Centre specialises in mathematical modelling of NDE based on highfrequency asymptotics. We have been the first [1] [2] [3] to produce the complete asymptotic description of the time-harmonic near field of a circular compressional transducer which is directly coupled to isotropic solid, both its geometrical regions and boundary layers in between the geometrical regions (see Fig. 1 ). Pulse propagation, rectangular transducers and transducers of complex apodisation have been also modelled using this approacha-6. The crux of the method is approximation of integrals containing an exponential factor, such that when observation point moves across the near field, the factor undergoes many oscillations while the amplitudes varies slowly. The of the phase functions) and various types of critical boundary points. Such contributions may be evaluated using various formulae of the USPM (Uniform Stationary Phase Method), depending on whether the critical points are isolated or coalesce. In the first case the exponential factor undergoes at least several oscillations in between the points, and in the second it does not. The resulting time-harmonic field contains the geometrical zones and boundary layers in between. The geometrical zones are described by ray-asymptotic series (in inverse powers of dimensionless wave number) which are contributions of isolated critical points. The boundary layers are described by boundary layer asymptotic series (in other types of functions of dimensionless wave number) which are due to coalescing critical points. We illustrate the approach in the next section.
Ultrasonic modelling of an elliptic crack
Let an elliptic crack be irradiated by a plane harmonic P wave u P(i'c) n P(inc) eik'(''c)'x, where (inc) stands for incident; a P for compressional and S for shear; wave number k, w/ca, with w, the frequency and ca, the speed of c-wave. Inside the solid, the total harmonic displacement field u u (i'c) -t-u(scat), where (scat) stands for scattered is described by the reduced elastodynamic equation
() On . the boundary, the zero normal surface traction is assumed 
The integration contour in (5) passes it from above. The other critical
The descriptor (GTD) in (10) is justified below. For simplicity of presentation, we consider the scattered field only in the upper half-space z > 0. If the observation point in the upper half-space is such that the pole (9) and the phe stationary points (10) are isolated from each other, we get two contributions:
Applying to (5) the standard formulae for the pole contribution (orovikov 9 1994, Sec. 1.6) and using (3), the leding order tems are
where H(x) is a Heaviside nction, the reflected wave vector is (10) and (12) (23) Thus, an incident ray that hits this point gives rise to a family of diffracted rays lying on the surface of a cone with the tip at x a(GTD} the axis running along the x-axis and half-angle a(GTD) which are related to P(inc) by the Snell's law of diffraction (18) . In GTD such points are known as flash points. Note also that the total phase may be decomposed into incident and diffracted as follows:
It follows that (17) describes the well-known in GTD edge diffracted waves.
To summarise, in the geometrical regions the high-frequency asymptotics of the scattered field are represented by a sum of the first terms in the GE and GTD ray series
where ua(GE)(x), zero in the shadows, is independent of the the location and orientation of the edge and U(GTD)(x) is a term of a higher order in dimensionless frequency.
When the observation point is such that the pole (9) and the phase stationary point in (10) 
Oz'
27rd '2 Let us evaluate (26) by using the two-tier asymptotics1. --e The boundary layers coalesce may surrounding non-smooth parts of the caustics where three be described via the Pearcey integral or using numerical integration.
Numerical results
The code based on the time-harmonic asymptotic formulae has been fully tested against a numerical code based on the boundary integral equation method (Fig. 3 ). There is a good agreement for the range of parameters for which the applicability regions of both approaches overlap. Fig. 4 . In Fig. 4a the observation point with lies inside both P and S wave caustic surfaces. In Fig. 4b the observation point lies outside both P and S caustics.
Conclusions
High-frequency asymptotic models for simulating ultrasonic pulse propagation and scattering in the transducer near have been developed. The models elucidate the physics of the problem and give explicit dependence on model parameters, thus allowing an easy prediction of pulse amplitudes and shapes. The corresponding asymptotic codes are at least hundred times faster than direct numerical codes, and practically just as accurate. Also, when the crack is elliptic the underlying coordinate system is local rather than Cartesian.
